Cold destabilisation of enzymes.
The thermal stability profile of chymotrypsinogen has been investigated in the temperature range 230-340 K, with special emphasis on the phenomenon of cold instability. Differential scanning calorimetry was used to study the heat capacities of the native and denatured protein in undercooled solution and the results were combined with those obtained by spectrophotometry at ordinary temperatures. The partial heat capacities of both forms decrease with decreasing temperature, assuming negative values. In the experimentally accessible temperature range (above the spontaneous nucleation temperature of ice) the heat capacity difference delta C is found to be positive with a non-linear temperature dependence. delta C is predicted to change sign at some low temperature which cannot, however, be reached by experiment for chymotrypsinogen. In contrast to earlier studies, covering a much more limited temperature range and having to employ an additional destabilisation by means of pH and/or chaotropes, the present findings permit the construction of a more reliable thermodynamic stability profile and related properties. These differ in important details from those reported for other proteins, but based on measurements only in the neighbourhood of the heat-denaturation temperature. The thermodynamic characteristics are, however, in good agreement with earlier predictions and with recent low-temperature measurements on the tetrameric enzyme lactate dehydrogenase.